We have witnessed the slow uptake of many contemporary techniques in the surgical management of renal tumours. We sought to evaluate surgeon-level characteristics associated with the uptake of laparoscopy, partial nephrectomy (PN) and adrenalsparing approaches in surgically managing these tumours. Methods: Using the Ontario Cancer Registry, we identified surgeons treating renal cell carcinoma (RCC) in the province of Ontario, Canada between 2002 and 2004. We then classified individuals within this cohort as either high or low utilizers of laparoscopy, PN or adrenal-sparing approaches. Further variables analyzed included academic status, surgeon graduation year and surgical volume status. We then used univariable and multivariable logistic regression models to assess predictors of uptake. Results: We evaluated a total of 108 surgeons for their uptake of both laparoscopy and adrenal-sparing approaches and 94 surgeons for their uptake of PN. We identified 32 surgeons (30%) as high users of laparoscopy. Predictors of uptake of laparoscopy included graduation year after 1990 (odds ratio [OR] 4.81, confidence interval [CI] 1.57-14.8) and high-surgeon volume (OR 4.33, CI 1.60-10.4). We identified 41 surgeons (44%) as high users of PN. The only predictor of uptake of PN was academic status (OR 5.83,. We identified 69 surgeons (65%) as high users of adrenal-sparing approaches, but did not identify any significant predictors for uptake in this group. Discussion: We identify unique factors contributing to the uptake of distinct surgical techniques in the management of RCC. This information sheds lights on the underlying mechanisms and helps us understand how to further encourage the dissemination of these practices.
Introduction
Current evidence supports new standards in the surgical management of renal tumours. Laparoscopic approaches are now the standard of care in performing radical nephrectomy (RN). The long-term oncologic safety of laparoscopic radical nephrectomy (LRN) is well-established, as well as the advantages of decreased blood loss, quicker recovery and improved cosmesis. 1 Partial nephrectomy (PN) is the current gold standard for treatment of T1a renal tumours. Compared to RN, PN provides equivalent 10-year cancer specific survival 2 and better preservation of renal function. Preservation of renal function may in turn provide benefits regarding cardiac morbidity and overall survival. 3, 4 Finally, it is no longer necessary to perform routine ipsilateral adrenalectomy during RN. In appropriately selected patients, adrenalectomy does not provide additional oncologic advantage, yet preservation of the adrenal gland may prevent unnecessary morbidity and reduce the risks of adrenal insufficiency. 5 Implementation of practice-changing evidence in surgery can be delayed. With regards to the aforementioned evidence in kidney cancer surgery, we have witnessed a slow uptake of these contemporary techniques. Furthermore, we have a poor understanding of the factors involved in such uptake. Therefore, we sought to evaluate surgeon-level characteristics associated with the uptake of laparoscopy, PN and adrenal-sparing approaches in the surgical management of renal tumours.
Methods

Data and population
We performed a retrospective, population-based analysis using administrative databases. We first identified patients undergoing surgical treatment of renal cell carcinoma (RCC) in the province of Ontario, Canada between 2002 and 2004 through the Ontario Cancer Registry (OCR). The OCR captures patients in Ontario with a pathologic cancer diagnosis and has a case ascertainment rate of greater than 95%. 6, 7 We utilized CCI codes to identify all patients undergoing RN or PN (Appendix 1) and confirmed this with data from pathology reports. Only patients with pathologically confirmed RCC were included (Appendix 2). Patients with urothelial carcinomas of the renal pelvis or ureter were excluded based on specific International Classification of Diseases (ICD)-9 (189.1, 189.2) and ICD-10 diagnostic codes (C65.9, C66.9).
All patients were linked to individual pathology reports with unique identifiers. Trained abstracters reviewed individual pathology reports for each case and extracted data using standardized forms. Data were collected regarding pathology (size, grade), presence of associated venous thrombus and primary surgeon associated with the procedure. Using public College of Physicians and Surgeons of Ontario (CPSO) files, we then obtained specific surgeon characteristics regarding academic status and year of graduation. All individual surgeon data were then de-identified for analysis purposes.
Statistical analysis
We classified individual surgeons as high or low users of laparoscopy, PN or adrenal-sparing approaches. Further classifications were determined regarding surgeon academic status, surgeon graduation year (<1980, 1980-1989, 1990+) and surgical volume status (high or low). We obtained baseline characteristics of each of the groups comparing high and low users. We then used univariable and multivariable logistic regression models to assess predictors of uptake.
Individual cohort details
Laparoscopy
We analyzed surgeons surgically treating renal tumours ≤7 cm without associated venous thrombus. Only patients undergoing RN were included. Surgeons had to have performed a minimum of 3 cases between 2002 and 2004. Surgeon classification as a high or low users of laparoscopy was determined by the median value (low <50%, high ≥50%). Classification of high-or low-volume surgeon was determined by the median (low <6 cases and high ≥6 cases).
Partial nephrectomy
We analyzed surgeons surgically treating renal tumours ≤4 cm without associated venous thrombus. Surgeons had to have performed a minimum of 3 cases between 2002 and 2004. Surgeon classification as a high or low users of PN was determined by the median value (low 33% and high >33%). Classification as a high-or low-volume surgeon was determined by the median (low <6 cases and high ≥6 cases).
Adrenal-sparing
We analyzed surgeons surgically treating renal tumours ≤7 cm without associated venous thrombus. Only patients undergoing RN (laparoscopic or open) were included. Surgeons had to have performed a minimum of 3 cases between 2002 and 2004. Surgeons were classified as high or low users of adrenal-sparing approaches by the median value (low ≤33% and high >33%). Classification of high-or low-volume surgeons was determined by the median (low <6 cases and high ≥6 cases).
Results
Laparoscopy
A total of 108 surgeons were analyzed for their use of laparoscopy and 32 (30%) were considered high users. A greater proportion of high users of laparoscopy were more recent graduates with 50% of high users graduating after 1990 compared to 18% of low users. A greater percentage of high users of laparoscopy were high-volume surgeons (81%) compared to low users (50%) ( Table 1a) .
Predictors of uptake of laparoscopy on univariable analysis were graduation year after 1990 (OR 5.71, CI 1.94-16.88) and status as a high-volume surgeon (odds ratio [OR] 4.33, confidence interval [CI] 1.60-11.72). Significant predictors of uptake of laparoscopy on multivariable analysis included graduation year after 1990 (4.81, 1.57-14.75) and status as a high-volume surgeon (OR 3.69, CI 1.31-10.38). Status as an academic surgeon was not predictive of laparoscopy use on multivariable analysis (Table 1b) .
Partial nephrectomy
A total 94 surgeons were analyzed for their use of PN and 42 (44%) were considered high users. A greater percentage of high users (46%) were classified as academic compared to low users (11%). A greater percentage of high users were high-volume surgeons (63%) compared to low users (38%) ( Table 2a ).
Predictors of uptake of PN on univariable analysis were status as an academic surgeon (OR 6.77, CI 2.37-19.3) and status as a high-volume surgeon (OR 2.86, CI 1.23-6.65). Significant predictors of uptake on multivariable analysis included only status as an academic surgeon (OR 5.83, CI 1.96-17.29). Neither graduation year nor status as an academic surgeon was predictive of PN use on multivariable analysis (Table 2b) . 
Adrenal-sparing approaches
A total of 108 surgeons were analyzed for their use of adrenal-sparing approaches. Of these, 69 (64%) were considered high users. A higher percentage of high users of adrenal-sparing approaches were classified as low-volume surgeons (52%) compared to low users (72%) ( Table 3a ). There were no significant predictors of uptake for adrenalsparing approaches on either univariable or multivariable analysis (Table 3b ).
Discussion
Each of the contemporary techniques in renal surgery described here (LRN, PN, and adrenal-sparing RN) is wellsupported in the literature, 1-5 and we evaluate each of them for its uptake at the surgeon level. Despite strong evidence supporting each technique as standard practice, we demonstrate discrepancies in the degree of uptake between surgeons and a distinct profile of surgeon-level variables influencing their diffusion.
Laparoscopic approaches to RN are probably the best established of these contemporary techniques. Initially described in 1991, 8 it is now considered the standard approach for large renal tumours not amenable to nephron-sparing surgery. Equivalent long-term oncologic outcomes, as well as complication rates, have been demonstrated between open and laparoscopic techniques. 1 Additionally, LRN offers benefits of decreased pain, lower blood loss and shorter hospitalizations. 1, [9] [10] [11] [12] In the current environment, there is no reason not to use laparoscopic approaches for RN unless specific contraindications exist. We witnessed the initial diffusion of LRN in the mid-1990s with a slow, but steady increase in rates from 1.5% to 45% between 1995 and 2005. 13 In our study, factors associated with better uptake of LRN stressed the role of experience, both in training and in cur-rent practice. Predictors included recent graduation (after 1990) and high-volume practices. Academic status was not a predictor of uptake of LRN, potentially indicating that this technology is now equally accessible and embraced in both the academic and community settings.
PN is the current gold standard for managing T1a renal tumours. Equivalent 10-year cancer-specific survival has been demonstrated between RN and PN. 14 Furthermore, PN offers the benefits of a nephron-sparing approach and better preservation of renal function, 3 which may in turn result in improved cardiac morbidity and overall survival. 3, 4 Regarding PN, the most recent data report overall rates rising from 15% to 25% between 2002 and 2008, 15 with 42% of T1a tumours treated with PN in 2006. 16 Though rates of PN have steadily increased, they still fall below an ideal rate of utilization, particularly in small renal masses. Utilization of PN was associated with a profile distinct from that of LRN, with academic status as the only significant predictor. Management of SRMs with PN has been embraced in the academic environment, but does not appear to be influenced by surgeon experience or training.
Removal of the ipsilateral adrenal gland was part of the initial descriptions of a RN and remained the standard practice for many years. 17 Recent data have challenged this notion and now demonstrate that removal of the adrenal gland is not necessary unless specific risk factors for adrenal involvement are present. Indications for ipsilateral adrenalectomy include high-risk tumour characteristics (higher T-stage, 18 larger diameter, 19 and upper pole location 20 ) or concern for adrenal involvement on preoperative imaging. 21 In appropriately selected patients, 10-year cancer-specific survival is equivalent whether or not the adrenal gland is removed. 5 Furthermore, unnecessary removal of the adrenal gland may be associated with significant morbidity related to adrenal insufficiency. 14 Rates of adrenal removal have decreased only slightly between 1995 (40%) and 2004 (35%), 22 perhaps related to a lack of appreciation of the possible long-term consequences related to adrenal insufficiency. The acceptance of adrenal-sparing RN demonstrated the slowest trend of uptake and was not predicted by any surgeon-level factors. It remains poorly accepted across all surgeon subgroups. Factors influencing the utilization of new techniques in surgery arise from multiple levels: patient, surgeon, hospital and region. We have only a basic understanding of the specific mechanisms predicting acceptance of a new technology and, in turn, a limited understanding of the barriers to uptake. Our data further contribute to previous studies, which have begun to tease apart these factors. Miller and colleagues provide one of the initial such reports on LRN demonstrating the specific influence of hospital factors, such as surgical volume and classification as a teaching institution. 23 Subsequent studies demonstrated the role of patient and surgeon characteristics, as well as practice setting. 13, 24, 25 Several studies have assessed the diffusion of PN and demonstrated the importance of multi-level factors. PN is more likely in younger patients with smaller tumours and higher socioeconomic status. 15, 26 Similar to laparoscopy, PN utilization appears to be influenced by hospital volume and status as a teaching institution. 15, 26, 27 Utilization of adrenal-sparing RN has been less extensively evaluated, but appears to be influenced by patient (size, location), surgeon (academic status) and hospital (volume, academic status) variables. 22 The impact of surgeon-level characteristics remains the most poorly understood of the various levels of influence, partially due to limited access to such data in administrative databases. Porter and colleagues assessed the role of surgeon nephrectomy volume in predicting utilization of PN, 27 while Miller and colleagues evaluated surgeon volume and its relationship to PN and LRN. 24 Filson and colleagues more extensively assessed the role of surgeon characteristics in the uptake of LRN evaluating such variables as graduation year, academic affiliation and type of practice. 13 Beyond these limited examples, the contribution of surgeon level characteristics in uptake has been largely ignored and thus represents an important next step in understanding these complex issues.
An important consideration and possible limitation of this study is the ability to generalize our findings to other populations. The study is based on Canadian data and hence a universal healthcare system with open access to all citizens. Certain competitive forces may be less pronounced, and fiscal constraints may also be at play. In such an environment, there may be fewer incentives and motivation for uptake of new technology, in addition to concerns for allocation and prioritization of healthcare resources.
Another significant limitation of this study is a lack of granular detail. Large administrative databases provide us with the means to analyze broad, population-level patterns, but we are unable to assess patient characteristics, such as preference or patterns of referral. Furthermore, the focus of this study was to analyze surgeon-level factors, and only such characteristics were included. Introducing hospitaland system-level characteristics would introduce another level of analysis requiring hierarchical modelling. These are important questions to assess in the future, but were beyond the scope of the current study, as well as beyond what we could reliably capture from the current databases.
Another important consideration is that our primary analysis identifies surgical practice patterns between 2002 and 2004. Since this time frame, surgical practice has likely shifted again, particularly related to the introduction of robotic surgical techniques. Our analysis does not incorporate these most recent practice patterns, partially related to limitations of our database. However, we believe that the time frame analyzed represents a critical period of uptake for the specific techniques we evaluated and may answer general questions regarding the uptake of surgical technologies and techniques. Future studies in this area should involve a time period beyond 2004 and include a specific focus on robotic techniques.
A final important limitation is our use of cut-offs for high and low utilization. There are no accepted standards for the percentage of cases that should be performed with the new technique and will be somewhat dependent on characteristics of the patient population. Our cut-off levels, however, provide a conservative landmark and probably underestimate the ideal rates.
Significant change has occurred in the surgical management of renal tumours during the past decade. We provide a contemporary assessment of important surgeon-level characteristics affecting the uptake of techniques, and thus change in practice, in renal surgery within Canada. Our findings provide a foundation for developing and implementing knowledge translation strategies to assist in the dissemination of these practices and to improve quality of care.
Conclusion
We have witnessed the slow uptake of many contemporary techniques in the surgical management of renal tumours. We identified unique factors contributing to the uptake of distinct surgical techniques in the management of RCC. This information sheds light on the underlying mechanisms of uptake and sets the stage for strategies to further encourage the dissemination of these practices.
